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(57) ABSTRACT

A first insulating interlayer 1s formed on a substrate including
first and second regions. The first insulating interlayer has top
surface, a height of which 1s greater 1n the first region than 1n
the second region. A first planarization stop layer and a sec-
ond 1nsulating interlayer are formed. The second insulating
interlayer i1s planarized until the first planarization stop layer
1s exposed. The first planarization stop layer and the first and
second 1nsulating interlayers in the second region are
removed to expose the substrate. A lower mold structure
including first insulation layer patterns, first sacrificial layer

patterns and a second planarization stop layer pattern 1s
formed. The first insulation layer patterns and the first sacri-

ficial layer patterns are alternately and repeatedly formed on
the substrate, and a second planarization stop layer pattern 1s
tormed on the first insulation layer pattern.
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MULTIPLE MOLD STRUCTURE METHODS
OF MANUFACTURING VERTICAL MEMORY
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 USC §119 to
Korean Patent Application No. 10-2011-0091289 filed on
Sep. 8, 2011, imn the Korean Intellectual Property Oflice
(KIPO), the entire contents ol which 1s incorporated herein by
reference.

BACKGROUND

Example embodiments described herein relate to methods
of manufacturing vertical memory devices. More particu-
larly, example embodiments described herein relate to meth-
ods of manufacturing vertical memory devices having a ver-
tical channel.

Recently, vertical memory devices have been developed in
order to have a high integration degree. The vertical memory
devices may have a mold structure including stacked gate
structures and a vertical channel 1n a cell region of a substrate
and a gate structure 1n a single layer 1n a peripheral region of
the substrate, thereby having different heights 1n the cell
region and the peripheral region. Thus, 1n a manufacture of a
vertical memory device, a planarization process for an 1nsu-
lating interlayer may not be easily performed due to the height
difference between the cell region and the peripheral region
of the substrate.

SUMMARY

Example embodiments described herein may provide
methods of manufacturing vertical memory devices having,
good planarization characteristics.

According to example embodiments described herein,
there 1s provided methods of manufacturing vertical memory
devices. In these methods, a first insulating interlayer is
formed on a substrate including a first region and a second
region. The first insulating interlayer has a top surface, a
height of which 1s greater 1n the first region than 1n a second
region. A first planarization stop layer and a second insulating
interlayer are sequentially formed on the first insulating inter-
layer. The second insulating interlayer 1s planarized until a
portion of the first planarization stop layer i1s exposed. Por-
tions of the first planarization stop layer and the first and
second 1nsulating interlayers in the second region are
removed to expose a surface of the substrate. A lower mold
structure including first insulation layer patterns, first sacri-
ficial layer patterns and a second planarization stop layer
pattern 1s formed. The first insulation layer patterns and the
first sacrificial layer patterns are alternately and repeatedly
formed on the exposed surface of the substrate, and the sec-
ond planarization stop layer pattern 1s formed on an outer-
most first insulation layer pattern. A third insulating interlayer
pattern 1s formed 1n a space between the lower mold structure
and the first insulating interlayer on the substrate. An upper
mold structure 1s formed on the lower mold structure.

In example embodiments described herein, the second pla-
narization stop layer pattern may be formed to have a height
the same as that of the exposed portion of the first planariza-
tion stop layer.

In example embodiments described herein, when the third
insulating interlayer pattern 1s formed, a third insulating 1nter-
layer may be formed on the lower mold structure, the exposed
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2

surface of the substrate, the first insulating interlayer and the
first planarization stop layer. The third insulating interlayer
may be planarized until the first planarization stop layer and
the second planarization stop layer pattern are exposed.

In example embodiments described herein, the exposed
first planarization stop layer and the exposed second pla-
narization stop layer pattern may be removed after the upper
portion of the third msulating interlayer 1s planarized.

In example embodiments described herein, the first region
may be a peripheral circuit region in which peripheral circuits
are formed, and the second region may be a cell region 1n
which memory cells are formed.

In example embodiments described herein, a gate structure
may be further formed on the substrate in the first region, prior
to forming the first insulating interlayer.

In example embodiments described herein, when the lower
mold structure 1s formed, a first insulation layer and a first
sacrificial layer may be alternately and repeatedly formed. A
second planarization stop layer may be formed on an outer-
most first msulation layer. The second planarization stop
layer, the first insulation layers and the first sacrificial layers
may be patterned to form a second planarization stop pattern,
a plurality of first insulation layer patterns and a plurality of
first sacrificial layer patterns, respectively.

In example embodiments described herein, the lower mold
structure may have a stepped shape in which a width
decreases from adjacent the substrate to remote from the
substrate.

In example embodiments described herein, when the upper
mold structure 1s formed, the second planarization stop layer
pattern may be removed to expose an outermost first insula-
tion layer pattern. A second sacrificial layer and a second
insulation layer may be alternately and repeatedly formed on
the exposed outermost first insulation layer pattern. A third
planarization stop layer may be formed on an outermost sec-
ond 1nsulation layer. The third planarization stop layer, the
second 1nsulation layers and the second sacrificial layers may
be patterned to form a third planarization stop layer pattern, a
plurality of second insulation layer patterns and a plurality of
second sacrificial layer patterns, respectively.

In example embodiments described herein, the upper mold
structure may be formed to have a stepped shape 1n which a
width decreases from adjacent the lower mold structure to
remote from the lower mold structure and wherein a second
sacrificial layer pattern of the upper mold structure that 1s
adjacent to lower mold structure has a width narrower than
that of the first insulation layer pattern of the lower mold
structure that 1s adjacent the upper mold structure.

In example embodiments described herein, a channel may
be formed through the first and second insulation layer pat-
terns and the first and second sacrificial layer patterns.

In example embodiments described herein, the first and
second sacrificial layer patterns may be removed to form a
plurality of gaps exposing a sidewall of the channel. A ground
selection line, a word line and a string selection line 1n the
gaps, respectively, may be formed.

In example embodiments described herein, a dummy line
filling at least one of the gaps may be further formed.

In example embodiments described herein, a tunnel insu-
lation layer pattern, a charge trapping layer pattern and a
blocking layer pattern sequentially stacked between the chan-
nel and the ground selection line, the word line and the string
selection line may be formed.

In example embodiments described herein, a bit line elec-
trically connected to the channel may be formed.

According to other example embodiments described
herein, 1n a manufacture of a vertical memory device, a first
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insulating interlayer may be formed on a substrate having a
peripheral circuit region 1 which peripheral circuits are
formed and a cell region 1n which memory cells are formed.
The first insulating 1nterlayer may have an outer surface of
which a height may be greater at least a portion 1n the periph-
eral circuit region than 1n the cell region due to the peripheral
circuits. A planarization stop layer and a second insulating
interlayer may be sequentially formed on the first insulating
interlayer. The second insulating interlayer may be planarnzed
until the planarization stop layer 1s exposed so that the first
insulating mterlayer having a constant height may remain 1n
the peripheral circuit region regardless of the position thereof.
After exposing a top surface of the substrate in the cell region,
a lower mold structure may be formed to have a height sub-
stantially the same as that of the planarization stop layer.
Thus, 1n a planarization process for forming a third insulating
interlayer filling a space between the lower mold structure
and the first msulating interlayer, residue due to a height
difference may not be generated.

According to other example embodiments described
herein, 1n a manufacture of a vertical memory device, a first
insulating layer may be formed on a peripheral circuit region
ol a substrate that includes peripheral circuits therein, the first
insulating layer on the peripheral circuit region of the sub-
strate exposing the substrate 1n a cell region thereof. A lower
mold structure for a plurality of vertical memory cells may be
formed on the substrate in the cell region that was exposed,
the lower mold structure having an outer surface that extends
a same distance from the substrate as an outer surface of the
first insulating layer. An upper mold structure for the plurality
of vertical memory cells 1s formed on the lower mold struc-
ture. A second msulating layer 1s formed on the first insulating
layer 1n the peripheral circuit region, the second insulating
layer having an outer surface that extends a same distance
from the substrate as an outer surface of the upper mold
structure. Finally, a plurality of vertical memory cells may be
formed 1n the upper and lower mold structures.

In example embodiments described herein, the following 1s
performed between the forming a lower mold structure and
the forming an upper mold structure: forming a third 1nsulat-
ing layer on the substrate between the first mnsulating layer
and the lower mold structure, the third insulating layer
extending the same distance from the substrate as the outer
surfaces of the lower mold structure and the first insulating
layer. In other embodiments described herein, forming a sec-
ond 1nsulating layer comprises forming a second insulating
layer on the first insulating layer 1n the peripheral circuit
region and on the third insulating layer, the second 1nsulating,
layer having an outer surface on the first and third insulating
layers that extends a same distance from the substrate as an
outer surface of the upper mold structure.

According to still other embodiments described herein, the
forming a first insulating layer comprises forming a first stop
layer on the first msulating layer on the peripheral circuit
region of the substrate, the forming a lower mold structure
comprises forming a second stop layer on the lower mold
structure, and outer surfaces of the first and second stop layers
extend a same distance from the substrate.

According to still other embodiments described herein, the
forming an upper mold structure comprises forming a third
stop layer on the upper mold structure, the forming a second
insulating layer comprises forming a fourth stop layer on the
second insulating layer in the peripheral circuit region, and
outer surfaces of the third and fourth stop layers extend a

same distance from the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments described herein will be more
clearly understood from the following detailed description
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4

taken 1n conjunction with the accompanying drawings. FIGS.
1-15  represent non-limiting, example embodiments

described herein.

FIGS. 1 to 14 are cross-sectional views 1llustrating meth-
ods of manufacturing a vertical memory device in accordance
with example embodiments described herein.

FIG. 15 1s a block diagram 1llustrating a data processing,
system according to various embodiments described herein.

It should be noted that these figures are intended to 1llus-
trate the general characteristics of methods, structure and/or
materials utilized 1n certain example embodiments described
herein and to supplement the written description provided
below. These drawings are not, however, to scale and may not
precisely reflect the precise structural or performance char-
acteristics of any given embodiment, and should not be inter-
preted as defining or limiting the range of values or properties
encompassed by example embodiments described herein. For
example, the relative thicknesses and positioning of mol-
ecules, layers, regions and/or structural elements may be
reduced or exaggerated for clarity. The use of similar or
identical reference numbers 1n the various drawings 1is
intended to indicate the presence of a similar or identical
clement or feature.

DETAILED DESCRIPTION

Example embodiments described herein will now be
described more fully with reference to the accompanying
drawings, 1n which example embodiments described herein
are shown. Example embodiments described herein may,
however, be embodied in many different forms and should not
be construed as limited to the example embodiments
described herein; rather, these example embodiments
described herein are provided so that this description will be
thorough and complete, and will fully convey the concept of
example embodiments described herein to those of ordinary
skill in the art. In the drawings, the thicknesses of layers and
regions are exaggerated for clarity. Like reference numerals
in the drawings denote like elements, and thus their descrip-
tion will be omatted.

It will be understood that when an element or layer 1s
referred to as being “on,” “connected to” or “coupled to”
another element or layer, 1t can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element 1s
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Other words used to
describe the relationship between elements or layers should
be interpreted mn a like fashion (e.g., “between” versus
“directly between,” “adjacent” versus “directly adjacent,”
“on” versus “directly on”). As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although the terms first, second,
third, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the example embodi-
ments described herein.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for

e



US 8,664,101 B2

S

case of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device 1n use or operation in addition to the orentation
depicted 1n the figures. For example, 11 the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below’ can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments described herein only
and 1s not mtended to be limiting of the example embodi-
ments described herein. As used herein, the singular forms
“a,” “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
turther understood that the terms “comprises,” “comprising,”
“includes,” “including,” “have” and/or “having” when used 1n
this specification, specily the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components,
and/or groups thereof.

Example embodiments described herein are described
herein with reference to cross-sectional 1llustrations that are
schematic illustrations of idealized example embodiments
described herein (and intermediate structures). As such,
variations from the shapes of the 1llustrations as a result, for
example, of manufacturing techmques and/or tolerances, are
to be expected. Thus, example embodiments described herein
should not be construed as limited to the particular shapes of
regions 1llustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient of
implant concentration at its edges rather than a binary change
from 1mplanted to non-implanted region. Likewise, a buried
region formed by implantation may result 1n some 1implanta-
tion 1n the region between the buried region and the surface
through which the implantation takes place. Thus, the regions
illustrated in the figures are schematic 1n nature and their
shapes are not intended to illustrate the actual shape of a
region of a device and are not intended to limait the scope of the
present inventive concept. For example, when two regions or
surfaces are described or illustrated as being a same distance
from a substrate, they are subject to variations resulting, for
example, from manufacturing techniques and/or tolerances.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined 1n commonly used
dictionaries, should be interpreted as having a meaning that 1s
consistent with their meaning 1n the context of the relevant art
and will not be mterpreted 1n an 1dealized or overly formal
sense unless expressly so defined herein.

FIGS. 1 to 14 are cross-sectional views illustrating meth-
ods of manufacturing a vertical memory device in accordance
with example embodiments described herein.

Referring to FIG. 1, an 1solation layer 103 may be formed
on a substrate that may be divided into a first region I and a
second region II.

The substrate 100 may include a semiconductor material,

¢.g., silicon, germamum, etc. In example embodiments
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described herein, the first and second regions I and II may be
a peripheral circuit region in which peripheral circuits are
formed and a cell region 1n which memory cells are formed,
respectively.

The 1solation layer 105 may be formed both 1n the first and
second regions I and I1, and the substrate 100 may be divided

into an active region and a field region by the 1solation layer
105.

Peripheral circuits may be formed on the substrate 100 1n
the first region I. For example, a gate structure 130 as a circuit
clement may be formed in the first region I. In example
embodiments described herein, the gate structure 130 may
include a gate insulation layer 110 and a gate electrode 120
sequentially stacked on the substrate 100, and a gate spacer
140 may be formed on a sidewall of the gate structure 130.
Impurity regions (not shown) may be further formed at upper
portions of the active region of the substrate 100 adjacent to
the gate structure 130 to form, for example, source and drain
regions. In example embodiments described herein, a plural-
ity of gate structures 130 may be formed notonly on the active
region but also on the field region.

A first insulating interlayer 150 covering the gate structure
130 and the gate spacer 140 may be formed on the substrate
100 both in the first and second regions 1 and II. The gate
structure 130 has been formed in the first region I, and thus the
first 1insulating interlayer 150 may be formed to have a top
surface a height of which may be greater 1n the second region
II than 1n the first region I. In example embodiments described
herein, the first mnsulating iterlayer 150 may be formed to
include silicon oxide.

Referring to FI1G. 2, a first planarization stop layer 160 and
a second insulating interlayer 170 may be sequentially
formed 1n the first insulating interlayer 150.

In example embodiments described herein, the first pla-
narization stop layer 160 may be formed to include silicon
nitride, and the second insulating interlayer 170 may be
formed to include silicon oxide.

Referring to FIG. 3, a planarization process may be per-
formed on an upper portion of the second 1nsulating layer 170
until a top or outermost surtace of the first planarization stop
layer 160 may be exposed.

In example embodiments described herein, the planariza-
tion process may include a chemical mechanical polishing
(CMP) process. Thus, an upper or outer portion of the second
insulating interlayer 170 may be removed so that a second
insulating interlayer 175 may remain. A portion of the second
insulating interlayer 175 remaining in the second region 11
may have a concave top surface due to the dishing phenom-
enon during the planarization process.

Referring to FIG. 4, a first photoresist pattern (not shown)
may be formed on portions of the first planarization stop layer
160 and the second insulating interlayer 1n the first region I,
and portions of the first planarization stop layer 160 and the
second 1nsulating interlayer in the second region II may be
ctched using the first photoresist pattern as an etching mask.

Thus, a first insulating interlayer pattern 155, a first pla-
narization stop layer pattern 165 and a second insulating
interlayer pattern 175 may remain 1n the first region I, and a
top surface of the substrate 100 may be exposed 1n the second
region II. The portion of the second insulating interlayer
pattern 175 1n the second region Il may be removed so that the
concave top surface thereof due to the dishing phenomenon
may not have an influence on subsequent processes. Thus,
FIG. 4 illustrates forming a first insulating layer on a periph-
eral circuit region of a substrate that includes peripheral cir-
cuits therein, the first insulating layer on the peripheral circuit
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region of the substrate exposing the substrate 1n a cell region
thereof, according to example embodiments described
herein.

The first photoresist pattern may be removed.

Referring to FIG. 5, a first msulation layer and a first
sacrificial layer may be alternately and repeatedly formed on
the substrate 100 having the first insulating interlayer pattern
155, the first planarization stop layer pattern 165 and the
second msulating interlayer pattern 175 thereon, and a second
planarization stop layer may be formed on an uppermost
(outermost) first insulation layer. The second planarization
stop layer, the first insulation layers and the first sacrificial
layers may be patterned using a second photoresist pattern
(not shown) covering the first region I and a portion of the
second region II as an etching mask to form a second pla-
narization stop layer pattern 200, a plurality of first insulation
layer patterns 180 and a plurality of first sacrificial layer
patterns 190. Thus, a lower mold structure including the first
insulation layer patterns 180, the first sacrificial layer patterns
190 and the second planarization stop layer pattern 200 may
be formed on the substrate 100 1n the second region II. The
first insulation layer patterns 180 and the first sacrificial layer
patterns 190 may have decreased widths from a lower level to
an upper level, and thus the lower mold structure may have a
stepped shape.

In example embodiments described herein, the second pla-
narization stop layer pattern 200 may have a top surface
coplanar with a top surface of the first planarization stop layer
pattern 163.

In example embodiments described herein, the first insu-
lation layer, the first sacrificial layer and the second planariza-
tion stop layer may be formed by a chemical vapor deposition
(CVD) process, a plasma enhanced chemical vapor deposi-
tion (PECVD) process, and/or an atomic layer deposition
(ALD) process, etc. The first insulation layer that may be
formed directly on a top surface of the substrate 100 may be
formed by a thermal oxidation process. In example embodi-
ments described herein, the first msulation layer may be
tormed to include a silicon oxide, e.g., silicon dioxide, silicon
oxycarbide, and/or fluorinated silicon oxide, etc. The first
sacrificial layer may be formed to include a material having
an etch selectivity with respect to that of the first insulation
layer, e.g., silicon nitride, and/or silicon boronitride, etc. The
second planarization stop layer may be formed to include a
material substantially the same as that of the first planariza-
tion stop layer pattern 165, e.g., silicon nitride.

Referring to FIG. 6, a third insulating interlayer may be
formed on the substrate 100 having the lower mold structure
thereon, and may be planarized until the top surfaces of the
first and second planarization stop layer patterns 165 and 200
are exposed to form a third insulating interlayer pattern 205.

The top surfaces of the first and second planarization stop
layer patterns 165 and 200 may have substantially the same
height as each other, and thus residue may not be generated at
an intertace between the first and second regions I and Il when
the planarization process 1s performed.

Referring to FIG. 7, the first and second planarization stop
layer patterns 165 and 200 may be removed. Upper portions
of the second and third insulating interlayer patterns 175 and
205 may be also removed, and a portion of the first planariza-
tion stop layer pattern 165 may remain 1n the first region I
according to the width thereof.

Thus, the lower mold structure on the substrate 100 1n the
second region II may have the first insulation layer patterns
180 and the first sacrificial layer patterns 190 alternately
stacked, and a top surface of the first insulating interlayer
pattern 155 may be exposed 1n the first region 1. Thus, FI1G. 7
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illustrates forming a lower mold structure for a plurality of
vertical memory cells on the substrate 1n the cell region that
was exposed, the lower mold structure having an outer sur-
face that extends a same distance from the substrate as an
outer surface of the first imsulating layer, according to
example embodiments detailed herein. FIG. 7 also illustrates
forming a third msulating layer on the substrate between the
first insulating layer and the lower mold structure, the third
insulating layer extending the same distance from the sub-
strate as the outer surfaces of the lower mold structure and the
first msulating layer, according to example embodiments
detailed herein.

Referring to FI1G. 8, a second sacrificial layer and a second
insulation layer may be alternately and repeatedly formed on
the lower mold structure, the third insulation layer pattern 205
and the exposed first insulation layer pattern 155, and a third
planarization stop layer may be formed on an uppermost
second 1nsulation layer.

The third planarization stop layer, the second insulation
layers and the second sacrificial layers may be patterned
using a third photoresist pattern (not shown) covering the first
region I and a portion of the second region II as an etching
mask to form a third planarization stop layer pattern 230, a
plurality of second insulation layer patterns 220 and a plural-
ity of second sacrificial layer patterns 210, respectively. Thus,
an upper mold structure including the second sacrificial layer
patterns 210, the second 1nsulation layer patterns 220 and the
third planarization stop layer pattern 230 may be formed on
the lower mold structure. The second sacrificial layer patterns
210 and the second insulation layer patterns 220 may have
decreased widths from a lower level to an upper level, and
thus the upper mold structure may have a stepped shape. A
lowermost second sacrificial layer pattern 210 may have a
width narrower than that of an uppermost first insulation layer
pattern 180. Thus FIG. 8 illustrates forming an upper mold
structure for a plurality of vertical memory cells on the lower
mold structure, according to example embodiments
described herein.

In example embodiments described herein, the second sac-
rificial layer, the second insulation layer, and the third pla-
narization stop layer may be formed by a CVD process, a
PECVD process and/or an ALD process, etc. In example
embodiments described herein, the second sacrificial layer,
the second 1nsulation layer, and the third planarization stop
layer may be formed to include materials substantially the
same as those of the first sacrificial layer, the first insulation
layer, and the second planarization stop layer, respectively.
Alternatively, the third planarization stop layer may be
formed to include a different material from that of the second
planarization stop layer, e.g., polysilicon.

Referring to FI1G. 9, a fourth insulating interlayer 240 cov-
ering the upper mold structure may be formed on the first,
second and third insulating interlayer patterns 155, 175 and
203, and a fourth planarization stop layer 250 may be formed
on the fourth msulating interlayer 240.

Thus, the fourth insulating interlayer 240 may be formed to
have a top surface, a height of which may be greater in the
second region II than 1n the first region I. In example embodi-
ments described herein, the fourth mnsulating interlayer 240
may be formed to have a height the same as that of the
uppermost second insulation layer pattern 220 in the first
region I, and the fourth planarization stop layer 250 may be
formed to have a height the same as that of the third planariza-
tion stop layer pattern 230 1n the first region I. In example
embodiments described herein, the fourth planarization stop
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layer 250 may be formed to include a material the same as that
of the first and second planarization stop layer patterns 165
and 220, e¢.g., silicon nitride.

Referring to FIG. 10, portions of the fourth planarization
stop layer 250 and the fourth mnsulating interlayer 240 in the
second region II may be removed to expose the third pla-
narization stop layer pattern 230. Thus, the fourth planariza-
tion stop layer 250 and the fourth insulating interlayer 240
may be transformed 1nto a fourth planarization stop layer
pattern 255 and a fourth insulating interlayer pattern 243,
respectively.

In example embodiments described herein, upper portions
of the fourth planarization stop layer 250 and the fourth
insulating interlayer 240 may be removed using a fourth
photoresist pattern (not shown) covering the first region I and
a portion of the second region II as an etching mask, and
portions of the fourth planarization stop layer 250 and the
fourth insulating interlayer 240 remaining in the second
region Il may be removed by a planarization process to form
the fourth planarization stop layer pattern 255 and the fourth
insulating interlayer pattern 245. Thus, the fourth planariza-
tion stop layer pattern 255 may be formed only 1n the first
region 1.

Referring to FIG. 11, the third and fourth planarization stop
layer patterns 230 and 2535 may be removed so that the upper
mold structure may include the second 1nsulation layer pat-
terns 220 and the second sacrificial layer patterns 210. The
fourth insulating interlayer pattern 245 may be partially
removed. Thus FIG. 11 illustrates forming a second sulat-
ing layer on the first insulating layer in the peripheral circuit
region, the second insulating layer having an outer surface
that extends a same distance from the substrate as an outer
surface of the upper mold structure, according to example
embodiments described herein.

A first opening (not shown) may be formed through the first
and second 1nsulation layer patterns 180 and 220 and the first
and second sacrificial layer patterns 190 and 210 to expose a
top surface of the substrate 100, and a channel 260, a filling
layer pattern 270 and a pad 280 may be formed to fill the first
opening.

Particularly, after forming a hard mask (not shown) on an
uppermost second insulation layer pattern 220, a dry etching
process may be performed using the hard mask as an etching
mask to form the first opening. In example embodiments
described herein, a plurality of first openings may be formed
in a first direction substantially parallel to the top surface of
the substrate 100 to define a first opening column, and a
plurality of first opening columns may be formed 1n a second
direction substantially perpendicular to the second direction
to define a first opening array.

A channel layer may be formed on a sidewall the first
opening, the exposed top surface of the substrate 100, the
uppermost second insulation layer pattern 220 and the fourth
insulating interlayer pattern 2435. In example embodiments
described herein, the channel layer may be formed to include
polysilicon and/or amorphous silicon. In an example embodi-
ment, a heat treatment process may be pertormed on the
channel layer so that an amorphous silicon may be trans-
formed 1nto polysilicon or the crystalline size of polysilicon
may be increased.

A filling layer may be formed on the channel layer to
suificiently {ill a remaining portion of the first opening, and
the filling layer and the channel layer may be planarized until
a top surface of the uppermost second insulation layer pattern
220 may be exposed to form a filling layer pattern 270 and a
channel 260 filling the first opening. The channel 260 may be
tormed to have a hollow cylindrical shape and/or a cup shape
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on the bottom and the sidewall of the first opening, and the
filling layer pattern 270 may be formed to have a pillar shape
f1lling a central space enclosed by the cylindrical channel 260.

In example embodiments described herein, a channel col-
umn and/or a channel array, which may correspond to the first
opening column and/or the first opening array, may be
tormed. The planarization process may be performed by, for
example, a CMP process and/or an etch back process.

Alternatively, the channel 260 may be formed to have a
pillar shape mstead of the hollow cylindrical shape or the cup
shape, and 1n this case, the filling layer pattern 270 may not be
formed.

Upper portions of the filling layer pattern 270 and the
channel 260 may be removed to form a recess (not shown),
and a pad 280 filling the recess may be formed. In example
embodiments described herein, the pad 280 may be formed to
include amorphous silicon, polysilicon and/or doped polysili-
con.

Referring to FI1G. 12, a second opening 290 may be formed
through the first and second insulation layer patterns 180 and
220 and the first and second sacrificial layer patterns 190 and
210 to expose a top surface of the substrate 100.

In example embodiments described herein, atter forming a
hard mask (not shown) on the uppermost second insulation
layer pattern 220, a dry etching process may be performed
using the hard mask as an etching mask to form the second
opening 290.

In example embodiments described herein, a plurality of
second openings 290 may be formed 1n the first direction, and
cach second opening 290 may extend in the second direction.
Thus, each of the first and second insulation layer patterns
180 and 220 and the first and second sacrificial layer patterns
190 and 210 may be divided into a plural number along the
first direction.

The first and second sacrificial layer patterns 190 and 210
may be removed to form a gap 2935 between the 1nsulation
layer patterns 180 and 220 at adjacent levels. In example
embodiments described herein, the sacrificial layer patterns
190 and 210 exposed by the second opening 290 may be
removed by, for example, a wet etch process using an etch
solution including phosphoric acid and/or sulfuric acid. As
the gap 2935 1s formed, an outer sidewall of the channel 260
may be partially exposed.

Referring to FI1G. 13, a tunnel insulation layer pattern 300,
a charge trapping layer pattern 310 and a blocking layer
pattern 320 may be sequentially formed on the exposed outer
sidewall of the channel 260, an inner wall of the gap 295, a
surface of the isulation layer patterns 180 and 220, and a
ground selection line (GSL) 332, a dummy line 334, a word
line 336 and a string selection line (SSL) 338 filling a remain-
ing portion of the gap 295 may be formed. Additionally, a
third msulation layer pattern 340 may be formed to fill the
second opening 290.

Particularly, a tunnel msulation layer, a charge trapping
layer and a blocking layer may be sequentially formed on the
exposed outer sidewall of the channel 260, the inner wall of
the gap 295, the surface of the insulation layer patterns 180
and 220, a top surface of the substrate 100, a top surface of the
pad 280 and a top surface of the fourth msulating interlayer
pattern 245.

In example embodiments described herein, the tunnel insu-
lation layer may be, for example, formed to include a silicon
oxide by a CVD process. According to at least one example
embodiment, the tunnel insulation layer may be formed by a
thermal oxidation on the exposed outer sidewall of the chan-
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nel 260 in the gap 295. In this case, the tunnel insulation layer
may not be formed on the surface of the msulation layer
patterns 180 and 220.

The charge trapping layer may be formed to include a
nitride, for example, a silicon nitride and/or a metal oxide.
The blocking layer may be formed to include, for example, a
silicon oxide and/or a metal oxide. For example, the metal
oxide may include aluminum oxide, hatnium oxide, lantha-
num oxide, lanthanum aluminum oxide, lanthanum hatnium
oxide, hatnium aluminum oxide, titanium oxide, tantalum
oxide and/or zirconium oxide. According to at least one
example embodiment, the blocking layer may be formed to be
a multi-layered structure including a silicon oxide layer and a
metal oxide layer.

A gate electrode layer may be formed on the blocking layer
to fill the gap 295.

In example embodiments described herein, the gate elec-
trode layer may be formed to include a metal and/or a metal
nitride. For example, the gate electrode layer may be formed
to include a metal and/or a metal nitride with a low electrical
resistance, for example, tungsten, tungsten nitride, titanium,
titanium nitride, tantalum, tantalum nitride and/or platinum.
According to at least one example embodiment, the gate
clectrode layer may be formed to be a multi-layered structure
of a barrier layer including a metal mitride and a metal layer
including a metal.

The gate electrode layer may be formed by, for example, a
CVD process and/or an ALD process, and the second opening
290 may be partially filled.

The gate electrode layer may be partially removed to form
the GSL 332, the dummy line 334, the word line 336 and the
SSL 338 1n the gaps 2935. In example embodiments described
herein, the gate electrode layer may be partially removed by,
for example, a wet etch process.

Each of the GSL 332, the dummy line 334, the word line
336 and the SSL 338 may be formed at a single level or at a
plurality of levels. According to at least one example embodi-
ment, each of the GSL 332 and the SSL 338 may be formed at
2 levels, and the word line 336 may be formed at 4 levels.
However, the number of GSLs 332, word lines 336 and SSLs
338 is not limited. The dummy line 334 may not be formed.

When the gate electrode layer 1s partially removed, por-
tions of the blocking layer, the charge trapping layer and the
tunnel 1nsulation layer on top surfaces of the uppermost sec-
ond msulation layer pattern 220, the pad 280 and the substrate
100 may also be removed to form the blocking layer pattern
320, the charge trapping layer pattern 310 and the tunnel
insulation layer pattern 300, respectively. According to at
least one example embodiment, portions of the blocking
layer, the charge trapping layer and the tunnel insulation layer
on a stdewall of the insulation layer patterns 180 and 220 may
be also removed so that the blocking layer pattern 320, the
charge trapping layer pattern 310 and the tunnel insulation
layer pattern 300 may be formed only on the inner wall of the
gap 2935.

In a process 1in which the gate electrode layer, the blocking,
layer, the charge trapping layer and the tunnel insulation layer
are partially removed, a third opening (not shown) exposing a
top surface of the substrate 100 and extending 1n the second
direction may be formed, and impurities may be implanted
into the exposed top surface of the substrate 100 to form an
impurity region 107. In example embodiments described
herein, the impurities may include n-type impurities, for
example, phosphorus and/or arsenic. In example embodi-
ments described herein, the impurity region 107 may extend
in the second direction and serve as a common source line

(CSL).
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A metal silicide pattern (not shown), e.g., a cobalt silicide
pattern may be further formed on the impurity region 107.

A third insulation layer pattern 340 filling the third opening
may be formed. In example embodiments described herein,
after a third 1insulation layer filling the third opening may be
formed on the substrate 100, the pad 280 and the fourth
insulating interlayer pattern 245, the third insulation layer
may be planarized until a top surface of the fourth imnsulating
interlayer pattern 245 1s exposed to form the third imnsulation
layer pattern 340.

Referring to FI1G. 14, a fifth insulating interlayer 350 may
be formed on the uppermost second insulation layer pattern
220, the pad 280, the blocking layer pattern 320, the charge
trapping layer pattern 310 and the tunnel insulation layer
pattern 300 and the fourth insulating interlayer pattern 245,
and a fourth opening (not shown) may be formed to expose a
top surface of the pad 280. In example embodiments
described herein, a plurality of fourth openings correspond-
ing to the channels 260 and the pads 280 may be formed in the
first direction to form a fourth opening column, and a plurality
of fourth opening columns may be formed in the second
direction to form a fourth opening array.

A bit line contact 360 may be formed on the pad 280 to fill
the fourth opening. The bit line contact 360 may be formed to
include, for example, a metal, a metal nitride and/or doped
polysilicon.

A bit line 370 electrically connected to the bit line contact
360 may be formed to complete the vertical memory device.
The bit line 370 may be formed to include, for example, a
metal, a metal nitride and/or doped polysilicon. In example
embodiments described herein, a plurality of bit lines 370
may be formed 1n the second direction, and each of the bit
lines 370 may be formed to extend 1n the first direction. Thus
FIG. 14 1llustrates forming a plurality of vertical memory
cells 1n the upper and lower mold structures, according to
example embodiments disclosed herein.

FIG. 15 a block diagram illustrating a data processing
system according to various embodiments described herein.

Referring to FIG. 15, a data processing system 700 may
include a tlash memory system 710 including a vertical
memory device manufactured according to any one of the
various embodiments described herein. The flash memory
system 710 may include a flash memory 711 and a memory
controller 712.

The data processing system 700 may include a mobile
appliance, a computer, or the like. For example, the data
processing system 700 may include a modem 720, a central
processing umt (CPU) 730, a random access memory (RAM)
740, and/or a user mterface 750 electrically connected to the
flash memory system 710, respectively through a system bus
760. Data processed by the CPU 730 or externally input may
be stored 1n the flash memory system 710.

The data processing system 700 may be provided as a
memory card, a solid state disk (SSD), a camera image sensor,
and/or other application chipsets. For example, the flash
memory system 710 may be constituted by a SSD and 1n this
case, the data processing system 700 can stably and reliably
store data of large capacity in the flash memory system 710.

While example embodiments described herein have been
particularly shown and described, 1t will be understood by
one ol ordinary skill in the art that variations 1n form and
detail may be made therein without departing from the spirit
and scope of the claims.
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What 1s claimed 1s:

1. A method of manufacturing a vertical memory device,
comprising;

forming a first insulating interlayer on a substrate including,

a first region and a second region, the first mnsulating
interlayer having a top surface, a height of which 1is
greater at least a portion 1n the first region than 1n a
second region;

sequentially forming a first planarization stop layer and a

second insulating interlayer on the first insulating inter-
layer;
planarizing the second insulating interlayer until a portion
of the first planarization stop layer 1s exposed;

removing portions of the first planarization stop layer and
the first and second insulating interlayers in the second
region to expose a surface of the substrate;

forming a lower mold structure including first insulation

layer patterns, first sacrificial layer patterns and a second
planarization stop layer pattern, the first insulation layer
patterns and the first sacrificial layer patterns being alter-
nately and repeatedly formed on the exposed surface of
the substrate, the second planarization stop layer pattern
being formed on an outermost first mnsulation layer pat-
tern;

forming a third msulating interlayer pattern 1n a space

between the lower mold structure and the first insulating
interlayer on the substrate; and

forming an upper mold structure on the lower mold struc-

ture.

2. The method of claim 1, wherein the second planarization
stop layer pattern 1s formed to have a height substantially the
same as that of the exposed portion of the first planarization
stop layer.

3. The method of claim 1, wherein forming the third 1nsu-
lating 1nterlayer pattern includes:

forming a third insulating interlayer on the lower mold

structure, the exposed surface of the substrate, the first
insulating interlayer and the first planarization stop
layer; and

planarizing the third insulating interlayer until the first

planarization stop layer and the second planarization
stop layer pattern are exposed.

4. The method of claim 3, further comprising removing the
exposed first planarization stop layer and the exposed second
planarization stop layer pattern, aiter planarizing the upper
portion of the third insulating interlayer.

5. The method of claim 1, wherein the first region 1s a
peripheral circuit region 1 which peripheral circuits are
formed, and the second region 1s a cell region 1n which
memory cells are formed.

6. The method of claim 5, further comprising forming a
gate structure on the substrate 1n the first region, prior to
forming the first insulating interlayer.

7. The method of claim 1, wherein forming the lower mold
structure 1ncludes:

alternately and repeatedly forming a first insulation layer

and a first sacrificial layer;

forming a second planarization stop layer on an outermost

first insulation layer; and patterning the second pla-
narization stop layer, the first insulation layers and the
first sacrificial layers to form the second planarization
stop pattern, the first insulation layer patterns and a
plurality of first sacrificial layer patterns, respectively.

8. The method of claim 7, wherein the lower mold structure
has a stepped shape 1n which a width decreases from adjacent
the substrate to remote from the substrate.
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9. The method of claim 7, wherein forming the upper mold
structure 1ncludes:
removing the second planarization stop layer pattern to
expose an outermost first insulation layer pattern;

alternately and repeatedly forming a second sacrificial
layer and a second 1nsulation layer on the exposed out-
ermost {irst insulation layer pattern;

forming a third planarization stop layer on an outermost

second sulation layer; and

patterning the third planarnization stop layer, the second

insulation layers and the second sacrificial layers to form
a third planarization stop layer pattern, a plurality of
second 1nsulation layer patterns and a plurality of second
sacrificial layer patterns, respectively.

10. The method of claim 9, wherein the upper mold struc-
ture has a stepped shape in which a width decreases from
adjacent the lower mold structure to remote from the lower
mold structure, and wherein a second sacrificial layer pattern
of the upper mold structure that 1s adjacent the lower mold
structure has a width narrower than that of the first insulation
layer pattern of the lower mold structure that 1s adjacent the
upper mold structure.

11. The method of claim 9, further comprising forming a
channel through the first and second 1nsulation layer patterns
and the first and second sacrificial layer patterns.

12. The method of claim 11, further comprising;:

removing the first and second sacrificial layer patterns to

form a plurality of gaps exposing a sidewall of the chan-
nel; and

forming a ground selection line, a word line and a string

selection line 1n the gaps, respectively.

13. The method of claim 12, further comprising forming a
dummy line filling at least one of the gaps.

14. The method of claim 12, further comprising forming a
tunnel insulation layer pattern, a charge trapping layer pattern
and a blocking layer pattern sequentially stacked between the
channel and the ground selection line, the word line and/or the
string selection line.

15. The method of claim 11, further comprising forming a
bit line electrically connected to the channel.

16. A method of manufacturing a vertical memory device,
comprising:

forming a first insulating layer on a peripheral circuit

region ol a substrate that includes peripheral circuits
therein, the first insulating layer on the peripheral circuit
region of the substrate exposing the substrate 1n a cell
region thereof;

forming a lower mold structure for a plurality of vertical

memory cells on the substrate 1n the cell region that was
exposed, the lower mold structure having an outer sur-
face that extends a same distance from the substrate as an
outer surface of the first insulating layer;

forming an upper mold structure for a plurality of vertical

memory cells on the lower mold structure;

forming a second insulating layer on the first insulating

layer 1n the peripheral circuit region, the second insulat-
ing layer having an outer surface that extends a same
distance from the substrate as an outer surface of the
upper mold structure; and

forming a plurality of vertical memory cells 1n the upper

and lower mold structures.

17. The method of claim 16 wherein the following 1s per-
formed between the forming a lower mold structure and the
forming an upper mold structure:

forming a third insulating layer on the substrate between

the first insulating layer and the lower mold structure,
the third insulating layer extending the same distance
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fromthe substrate as the outer surfaces of the lower mold
structure and the first insulating layer.
18. The method of claim 17 wherein forming a second
insulating layer comprises forming a second insulating layer
on the firstinsulating layer in the peripheral circuit regionand 5
on the third insulating layer, the second 1nsulating layer hav-
ing an outer surface on the first and third insulating layers that
extends a same distance from the substrate as an outer surface
of the upper mold structure.
19. The method of claim 16: 10
wherein the forming a {first insulating layer comprises
forming a first stop layer on the first insulating layer on
the peripheral circuit region of the substrate,
wherein the forming a lower mold structure comprises
forming a second stop layer on the lower mold structure, 15
and
wherein outer surfaces of the first and second stop layers
extend a same distance from the substrate.
20. The method of claim 19:
wherein the forming an upper mold structure comprises 20
forming a third stop layer on the upper mold structure,
wherein the forming a second insulating layer comprises
forming a fourth stop layer on the second insulating
layer 1n the peripheral circuit region, and
wherein outer surfaces of the third and fourth stop layers 25
extend a same distance from the substrate.
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